In the course of our studies of the bioactive saponins and glycosides from medicinal foodstuffs and natural medicines, 2) we isolated two triterpene saponins, theasaponins E 1 (15) and E 2 (16), from the seeds of the Japanese tea plant [Camellia (C.) sinensis or Thea sinensis] and characterized their structures and antisweet activity.
In the course of our studies of the bioactive saponins and glycosides from medicinal foodstuffs and natural medicines, 2) we isolated two triterpene saponins, theasaponins E 1 (15) and E 2 (16), from the seeds of the Japanese tea plant [Camellia (C.) sinensis or Thea sinensis] and characterized their structures and antisweet activity. 3) In a continuing study of the tea plant, the saponin mixture from the seeds of the tea plant (C. sinensis L. var. assamica PIERRE) cultivated in Sri Lanka was found to have a potent protective effect on gastric mucosal lesions induced by ethanol in rats. From the saponin mixture, we have isolated nine acylated polyhydroxyoleanene-type triterpene saponins called assamsaponins A (8), B (11), C (12), D (13), E (14), F (1), G (2), H (3), and I (4) together with three known saponins, camelliasaponin B 1 (9) 4) and theasaponins E 1 (15) 3) and E 2 (16). 3) In the preceding paper, 5) we reported the structures of assamsaponins A (8), B (11), C (12), D (13), and E (14) and the inhibitory effect of 15 and 16 on ethanol-induced gastric lesions in rats. We recently found that the saponin mixture from the seeds of C. sinensis var. assamica exhibited an inhibitory effect on gastric emptying and an accelerating effect on gastrointestinal transit in mice. In addition, we isolated a new saponin called assamsaponin J (6) from the leaves of C. sinensis var. assamica. This paper deals with the structural elucidation of five new acylated polyhydroxyoleanene-type triterpene saponins, assamsaponins F (1), G (2), H (3), I (4) , and J (6) from the seeds and leaves of C. sinensis var. assamica. We also describe the effects of the saponin mixture and theasaponins E 1 (15) and E 2 (16), saponins common to both varieties of tea plant, on gastric emptying and gastrointestinal transit.
Structures of Assamsaponins F (1), G (2), H (3), and I (4) from the Seeds of C. sinensis var. assamica Assamsaponin F (1) was obtained as colorless fine crystals from CHCl 3 -MeOH with a mp 209.8-210.3°C. The IR spectrum of 1 showed absorption bands at 1721 and 1649 cm Ϫ1 assignable to carbonyl and a,b-unsaturated ester functions, and broad bands at 3432, 1078, and 1046 cm Ϫ1 suggestive of an oligoglycoside structure. In the negative-and positive-ion FAB-MS of 1, quasimolecular ion peaks were observed at m/z 1301 (MϪH)
Ϫ and m/z 1325 (MϩNa) ϩ , and high-resolution MS analysis revealed the molecular formula of 1 to be C 62 H 94 O 29 . Furthermore, fragment ion peaks at m/z 1139 (MϪC 6 H 11 O 5 ) Ϫ and m/z 1007 (MϪC 11 H 19 O 9 ) Ϫ , which were presumed to be derived by cleavage of the glycosidic linkages at the 2ٞ-and 3Ј-positions (vide infra), were observed in the negative-ion FAB-MS of 1. Alkaline hydrolysis of 10% aqueous potassium hydroxide-50% aqueous dioxane (1 : 1, v/v) provided desacyl-assamsaponin F (5), angelic acid and acetic acid. The organic acids were converted to the p-nitrobenzyl ester derivatives, 6) which were identified by HPLC. On acid hydrolysis with 5% aqueous sulfuric acid (H 2 SO 4 )-1,4-dioxane (1 : 1, v/v) C-NMR spectra of 5 were superimposable on those of desacyl-theasaponin E (18), 3) while the proton and carbon signals due to the oligoglycoside moiety in 5 were very similar to those of desacyl-camelliasaponin B (10).
4) The 1 H-NMR (pyridine-d 5 ) and 13 C-NMR (Table 1 ) spectra of 5, which were assigned by various NMR analytical methods, 8) showed signals due to a theasapogenol E moiety [d 0.82, 0.85, 1.30, 1.34, 1.43, 1.78 (all s, 25, 26, 29, 30, 24, 27-H 3 ) , 2.68 (dd-like, 18-H), 3.61, 3.87 (both m, 4.03 (m, 4.55 (m, 4.72 (d, Jϭ9.7 Hz, . The tetrasaccharide structure bonding to the 3-position of the theasapogenol E moiety was identified by HMBC experiments. Thus, longrange correlations were observed between the 1Ј-proton of the glucuronic acid moiety and the 3-carbon of the theasapogenol E moiety, between the 1Љ-proton of the galactopyranosyl moiety and the 2Ј-carbon of the glucuronic acid moiety, between the 1ٞ-proton of the arabinopyranosyl moiety and 3Ј-carbon of glucuronic acid moiety, and between the 1ЉЉ-proton of the glucopyranosyl moiety and the 2ٞ-carbon of the arabinopyranosyl moiety. On the basis of this evidence, the structure of desacyl-assamsaponin F (5) was elucidated as shown. (d, Jϭ10.3 Hz, ]. The positions of the angeloyl and acetyl groups of 1 were determined by an HMBC experiment on 1, which showed long-range correlations between the 16-and 22-protons of the theasapogenol E moiety and two carbonyl carbons of acetyl groups and between the 21-proton of the theasapogenol E moiety and the carbonyl carbon of the angeloyl group. Finally, comparison of the 1 H-and 13 C-NMR data from 1 with those from 5 revealed acylation shifts around the 16-, 21-, and 22-positions of the theasapogenol E moiety. Consequently, the structure of assamsaponin F was determined to be 16,22
Assamsaponins G (2), H (3), and I (4) Ϫ , which were thought to be derived by cleavage of the glycosidic linkage at the 2ٞ-and 3Ј-positions (vide infra), were observed in the negativeion FAB-MS of 2, 3, and 4. Alkaline hydrolysis of 10% aqueous potassium hydroxide-50% aqueous dioxane (1 : 1, v/v) provided desacyl-assamsaponin F (5) and organic acids (acetic acid and angelic acid from 2 and 3, and acetic acid and tiglic acid from 4). The organic acids were converted to p-nitrobenzyl ester derivatives, 6) which were identified by HPLC. 6.14 (d, Jϭ10.4 Hz, 6.56 (d, Jϭ10.4 Hz, 9.90 (s, ]. The positions of the angeloyl and acetyl groups of 2 were determined by HMBC, which showed long-range correlations between the 21-protons of the theasapogenol E moiety and the carbonyl carbon of the angeloyl group and between the 22-proton of the theasapogenol E moiety and the carbonyl carbon of the acetyl group. Consequently, the structure of assamsaponin G was determined to be 21
The 1 H-NMR (pyridine-d 5 ) and 13 C-NMR (Table 1 ) spectra 8) of 3 and 4 showed signals due to two acyl groups (acetyl and angeloyl groups for 3, acetyl and tigloyl groups for 4) and the 21,28-di-O-acylated structure of the desacyl-assamsaponin F moiety [3: . The proton and carbon signals in the 1 H-and 13 C-NMR data from 3 and 4 were very similar to those of assamsaponin G (2), except for the signals due to the acyl groups of 3 and 4. Longrange correlations were observed between the 21-proton and the carbonyl carbon of the angeloyl or tigloyl group and between the 28-protons and the carbonyl carbon of the acetyl Table 1. 13 C-NMR Data for Assamsaponins F (1), G (2), H (3), I (4), and J (6) and Desacyl-assamsaponins F (5) and J (7 group in the HMBC experiment on 3 and 4. In addition, acylation shifts were observed around the 21-and 28-positions in the 13 C-NMR data from 3 and 4. Consequently, the structures of assamsaponins H and I were determined to be 21
Isolation and Structural Elucidation of Assamsaponin J (6) from the Leaves The methanolic extract obtained from the leaves of the tea plant, C. sinensis var. assamica cultivated in Sri Lanka, was partitioned between an ethyl acetate and water mixture. In order to remove the polyphenols, the aqueous phase was treated with polyvinylpyrrolidone and filtered. The filtrate was extracted with 1-butanol and the 1-butanol extract was separated by normal-phase and reversedphase silica gel column chromatography and finally HPLC to give assamsaponin J (6, 0.0012%). Assamsaponin J (6) was also isolated as colorless fine crystals of mp 230.2-232.0°C. In the IR spectrum of 6, absorption bands were observed at 3453, 1718, and 1653 cm Ϫ1 due to hydroxyl and carbonyl functions. The negative-and positive-ion FAB-MS of 6 showed quasimolecular ion peaks at m/z 1319 (MϪ H)
Ϫ and m/z 1343 (MϩNa) ϩ and the molecular formula C 53 H 86 O 24 was determined by high-resolution MS measurement. The alkaline hydrolysis of 6 liberated desacyl-assamsaponin J (7) and two organic acids, cinnamic acid and acetic acid, which were identified by HPLC of their p-nitrobenzyl esters.
6) Acid hydrolysis of 7 liberated D-glucuronic acid, Dgalactose, L-arabinose, and L-rhamnose, which were identified by GLC analysis. The proton and carbon signals in the 1 H-NMR and 13 C-NMR spectra of 7 resembled those of desacyl-assamsaponin E (17) 5) except for the signals due to the terminal a-L-rhamnopyranosyl moiety of 7. The 1 H-NMR (pyridine-d 5 ) and 13 C-NMR (Table 1 ) spectra 8) of 7 showed signals due to a theasapogenol B moiety [d 0.83, 0.89, 1.14, 1.26, 1.31, 1.35, 1.83 (all s, 25, 26, 24, 23, 29, 30, 27-H 3 ), 1.52 (d, Jϭ5.8 Hz, , 2.72 (dd-like, 18-H), 3.27 (ddlike, 3.68, 3.99 (both d, Jϭ10.7 Hz, . Furthermore, the HMBC of 7 showed long-range correlations between the following protons and carbons: the 1Ј-proton of the glucopyranosiduronic acid moiety and the 3-carbon of theasapogenol B; the 1Љ-proton of the galactopyranosyl moiety and the 2Ј-carbon of the glucopyranosiduronic acid moiety; the 1ٞ-proton of the arabinopyranosyl moiety and the 3Ј-carbon of the glucopyranosiduronic acid moiety; the 1ЉЉ-proton of the rhamnopyranosyl moiety and the 2ٞ-carbon of the arabinopyranosyl moiety. On the basis of these findings, the structure of desacyl-assamsaponin J (7) was determined as shown. 6.27 (d, Jϭ10.4 Hz, ]. The positions of the cinnamoyl and acetyl groups in 6 were determined by HMBC, which showed long-range correlations between the 16,21-protons of the theasapogenol B moiety and the two carbonyl carbons of the acetyl groups and between the 22-proton of the theasapogenol B moiety and the carbonyl carbon of the cinnamoyl group. Finally, comparison of the 1 Hand 13 C-NMR data from 6 with those from 7 revealed acylation shifts around the 16, 21, and 22-positions of the theasapogenol B moiety of 7. Consequently, the structure of assamsaponin J was determined to be 16,21
As shown in Table 2 , the saponin mixture obtained from the seeds of C. sinensis var. assamica was found to exhibit an inhibitory effect on gastric emptying and an accelerating effect on gastrointestinal transit in mice. It is noteworthy that no drug having both gastric emptying inhibitory activity and gastrointestinal transit accelerating activity has been identified. These activities of the saponin fraction may be beneficial for the prevention and treatment of the inhibition of gastrointestinal transit such as affects the ileus in clinical situations. Next, the effects of theasaponins E 1 (15) and E 2 (16), isolated as common constituents from the seeds of C. sinensis var. assamica as well as Japanese C. sinensis, on gastric emptying and gastrointestinal transit were examined. Theasaponin E 1 (15) was found to inhibit gastric emptying and accelerate gastrointestinal transit. On the other hand, 16 showed no such activities. These findings indicate that the position of the acyl groups is important for pharmacological activity.
Experimental
The instruments used to obtain physical data and the experimental conditions for chromatography were the same as described in our previous paper.
1)

Isolation of Assamsaponins F (1), G (2), H (3)
, and I (4) from the Seeds of C. sinensis var. assamica Assamsaponins F (1), G (2), H (3), and I (4) were isolated from the fresh seeds of C. sinensis var. assamica cultivated in Nuwara Eliya, Sri Lanka, as described earlier. 1.10, 1.31, 1.43, 1.76, 1.86, 2.03 (3H each, all s, 25, 26, 29, 30, 24, 27, each, all s, 26, 25, 29, 24, 23, 30, 27 , Ac-2, Ac-2Ј-H 3 ), 1.51 (3H, d, Jϭ6.4 Hz, Rha-6-H 3 ), 3.07 (1H, dd, Jϭ4.0, 14.4 Hz, 3.24 (1H, dd, Jϭ5.2, 11.6 Hz, 3.48, 3.62 (1H each, both 
Alkaline Hydrolysis of Assamsaponins F (1), G (2), H (3), and I (4)
A solution of assamsaponins (1, 2: 5 mg; 3: 30 mg; 4: 20 mg) in 50% aqueous dioxane (2 ml) was treated with 10% aqueous KOH (2 ml) and stirred at 37°C for 1 h. After removal of the solvent from an aliquot (0.1 ml) of the reaction mixture under reduced pressure, the residue was dissolved in (CH 2 )Cl 2 (2 ml) and the solution was treated with p-nitrobenzyl-N,NЈ-diisopropylisourea (10 mg), then stirred at 80°C for 1 h. The reaction solution was subjected to HPLC analysis to identify the p-nitrobenzyl esters of angelic acid (a) from 1, 2, and 3, tiglic acid (b) from 4, and acetic acid (c) from The rest of the reaction mixture was neutralized with Dowex HCR W2 (H ϩ from) and the resin was removed by filtration. Evaporation of the solvent from the filtrate under reduced pressure yielded a product, which was subjected to normal-phase silica gel column chromatography [3 g, v/v) ] to give desacyl-assamsaponin F (5, 3 mg from 1; 16 mg from 2; 17 mg from 3; 4 mg from 4).
Desacyl-assamsaponin F (5) 1.30, 1.34, 1.43, 1.78 (3H each, all s, 25, 26, 29, 30, 24, 27-H 3 ) , 2.68 (1H, dd-like, 18-H), 3.61, 3.87 (1H each, both m, 4.03 (1H, m, 4.55 (1H, m, 4.72 (1H, d, Jϭ9.7 Hz, 4.85 (1H, d, Jϭ6.9 Hz, 
Alkaline Hydrolysis of Assamsaponins J (6)
A solution of assamsaponins (6, 11 mg) in 50% aqueous dioxane (2 ml) was treated with 10% aqueous KOH (2 ml) and stirred at 37°C for 1 h. After removal of the solvent from an aliquot (0.1 ml) of the reaction mixture under reduced pressure, the residue was dissolved in (CH 2 )Cl 2 (2 ml) and the solution was treated with p-nitrobenzyl-N,NЈ-diisopropylisourea (10 mg), then stirred at 80°C for 1 h. The reaction solution was subjected to HPLC analysis to identify the pnitrobenzyl ester of acetic acid from 6. HPLC conditions: column, YMCPack ODS-A (YMC Co., Ltd.), 250ϫ4.6 mm (i.d.); solvent, MeOH-H 2 O (70 : 30, v/v); flow rate, 1.0 ml/min; t R : 8.3 min.
The rest of the reaction mixture was neutralized with Dowex HCR W2 (H ϩ from) and the resin was removed by filtration. Evaporation of the solvent from the filtrate under reduced pressure yielded a product, which was subjected to normal-phase silica gel column chromatography [3 g, v/v) ] to give desacyl-assamsaponin J (7, 6 mg) and cinnamic acid (1 mg 
Acid Hydrolysis of Desacyl-assamsaponins F (5) and J (7)
A solution of desacyl-assamsaponins (5, 7, 2 mg each) in 5% aq. H 2 SO 4 -1,4-dioxane (1 : 1, v/v, 1 ml) was heated under reflux for 1 h. After cooling, the reaction mixture was neutralized with Amberlite IRA-400 (OH Ϫ form) and the resin was filtered. After removal of the solvent under reduced pressure, the residue was passed through a Sep-Pak C18 cartridge using H 2 O and MeOH. The H 2 O eluate was concentrated and the residue was treated with L-cysteine methyl ester hydrochloride (0.01 ml) in pyridine (0.02 ml) at 60°C for 1 h. After reaction, the solution was treated with N,O-bis(trimethylsilyl)trifluoroacetamide (0.01 ml) at 60°C for 1 h. The supernatant was then subjected to GLC to identify the derivatives of D-glucuronic acid (i), D-galactose Measurement of Gastric Emptying Gastric emptying was determined by a modification of the phenol red method.
9) A solution of 1.5% carboxymethyl cellulose sodium salt (CMC-Na), 40% glucose, milk [milk powder : water (w/w)ϭ1 : 3], or 60% ethanol containing 0.05% phenol red as a marker was given intragastrically (0.5 ml/mouse) to conscious mice. Thirty minutes later, mice were sacrificed by cervical dislocation. The abdominal cavity was opened, and the gastroesophageal junction and pylous were clamped, then the stomach was removed, weighed and placed in 14 ml 0.1 N of NaOH and homogenized. The suspension was allowed to settle for 1 h at room temperature and 5 ml of the supernatant was added to 0.5 ml of 20% trichloroacetic acid (w/v) and then centrifuged at 3000 rpm for 20 min. The supernatant was mixed with 4 ml of 0.5 N NaOH, and the amount of phenol red was determined from the absorbance at 560 nm (Beckman, DU530). Phenol red recovered from animals sacrificed immediately after the administration of a test meal was used as a standard (0% emptying). The gastric emptying (%) during the 30 min period was calculated from the following equation: Gastric emptying (%)ϭ(1Ϫamount of test sample/amount of standard)ϫ100. The test sample was given orally by means of a metal orogastric tube 30 min prior to the administration of the test meal.
Measurement of Gastrointestinal Transit A charcoal meal containing a solution of 1.5% CMC-Na and 5% charcoal as a marker was given intragastrically (0.2 ml/mouse) to conscious mice. Twenty minutes later, mice were sacrificed by cervical dislocation. The abdominal cavity was opened, and the gastrointestinal tract was removed. The distance traveled by the marker was the length of the small intestine from the pylous to the caecum. Test samples were given orally by means of a metal orogastric tube 60 min prior to the administration of the charcoal meal.
Statistics Values are expressed as meansϮS.E.M. One-way analysis of variance following Dunnett's test 10) for multiple comparison analysis were used for statistical analysis. Probability (p) values less than 0.05 were considered significant. 8) The 1 H-and 13 C-NMR spectra of 1, 2, 3, 4, 5, 6, and 7 were assigned on the basis of homo-and hetero-correlation spectroscopy ( Physiol., 253, G241-G245 (1986) ; b) Barquist E., Bonaz B., Martinez V., Rivier J., Ziner M. J., Taché Y., ibid., 270, R888-R894 (1996) . 10) a) Dunnett C. W., J. Am. Statist. Assoc., 75, 789-795 (1980) ; b) Idem, ibid., 75, 796-800 (1980) .
